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“Effect of Stress Factors on Nutrition" 


SUMMARY 


The Effects of B Vitamins, Liver and Yeast 
on Atabrine Toxicity in the Rat 


Immature female rats were maintained for eight weeks on purified rations 
containing 500 mg ef atabrine per kg of diet, and the effects of feeding 
were contrasted with that observed on similar rations with atabrine omitted, 
Four experimental rations were employed: (1) a basal ration containing the 
B complex factors in synthetic form only (2) the basal ration plus ad-~ 
ditional B vitamins (3) the basal ration plus yeast and (4) the basal 
ration plus desiccated whole liver. 


The effects of atabrine feeding differed significantly on the various dicts 
employede Administration of atabrine plus basal ration resulted in @ marke 
| ed retardation of growth, alopecia, inhibition of ovarian development, en= 
larged submaxillary glands, granulocytosis and myocardial damage as indi- 
cated by electrocardiographic tracings. These effects were largely coun- 
teracted by diets containing whole liver or yeast ana to a lesser extent 

by the administration of additional B vitaminse On atabrine-free rations 
no abnormalities were observed on any of the dists employed. 


Desiccated whole liver was more effective than yeast or the additional B 
vitamins in promoting growth and ovarian development in the immature ata- 
brine-fed rats The protective factor(s) was present in the water~insol- 
uble friction of liver remaining after removal of the extractable watere- 
soluble material. 

An increased B vitamin requirement wos observed in immature rats fed toxic 
doses of atabrine. The suggestion is made that in addition to the known 
B vitamins still other factors are present in whole liver and yeast that 
are required in increased amounts in the atabrine-fed rat. 
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* Introduction 


Available data indicate that in addition to the major nutrients, substances 
are present in our diet which may be required in increased amounts during con=. 
ditions of stress. such factors are apparently dispensable under normal con» 
ditions or their requirements are so smll they may readily be met by amounts 
present in the diet or through the synthetic activity of the intestinal flora 
or the animals' own tissuese Certain drugs or other "stress factors" may, howe 
ever, increase requirements for these substances to the extent that deficiencies 
occur, manifest by retarded growth or tissue pathology, and preventable by the 
administration in appropriate amounts of the missing nutrient (Ershoff, '47a}, 
In the present communication data are present indicating that atabrine is such 
a stress factore. Administration of this drug in toxic amounts resulted in the 
young rat in retardation of growth, alopecia, inhibition of ovarian develop= 
ment, granulocytosis and other pathological effects preventable, at least in 
part, by the administration of an unknown nutrient present in liver and yeaste 


Procedure and Results 


Four basal rations were employed in the present experiment: diets A, B, C 
and De Diets A and B were purified rations containing the B complex factors in 
synthetic form only. Diets C and D were similar in composition but contained 
yeast or desiccated whole liver in addition to the synthetic vitamins. Sixty- 
four female rats of the Long-Evans strai. were selected at 21 to 23 days of age 
and an average weight of 41.8 gm. for tie present experiment. Animals were kept 
in metal cages with raised screen bottoms to prevent access to feces, and were 
fed ad libitum the diets listed in Table .. Feeding was continued for 8 weeks 
or until death, which ever occurred soconcre During the eighth week electro=- 
cardiograms were taken of all ratse Animals were autopsied on the 56th day of 
feeding; ovarian and submaxillary weights were determined; and sections of the 
ovaries, submaxillary glands, liver and heart prepared for microscopic study. 
Tissues were fixed in 10% formol and stained with hematoxylin and eosine 


Table I 
(see ond of paper) 


Findings indicate that the toxic effects of atabrine in the immature rat may 
be counteracted by dietary means. pathological effects of atabrine were most 
pronounced on the synthetic ration, diet A, and least evident on the liver=con- 
taining diet De Atabrine-fed rats on diet A exhibited a marked retardation of 
growth (table §1I), extensive alopecia, infantile ovaries and enlarged submax- 
illery glond@ (table II), granulocytosis (table III) and electr°cardiographic 
abnormalities. Three of the 10 rats on this diet failed to survive the experimon- 
tal period of 8 weeks; and of the remaining 7 animals only 2 gained weight after 
the second week of feedinge Eight rats in this series developed extensive alope-~ 
cia during the first month of feeding although new hair had generally replaced 
the areas of alopecia by the eighth week. At autopsy ovaries appeared infantile 
both in weight and microscopic appearance. The most striking finding, however, 
was a marked hypertrophy of the submaxillary glands, These weighed 3 to 4 times 
more than those observed in normal animals of simialr weight and were signifi- 
cantly heavier than those observed in ti» much larger atabrine-free controls 
(table II). Histologically the increas. i size of the submaxillary glends appeared 
to be due almost entirely to hyperplasia and hypertrophy of mucous cellset 


1 We are indebted to Professor EeMe Hall, Dept. of Pathology; Univorsity.of  - 
Southern California Medical School, for the examination of the histological ma» 
terial. é 
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» Retardation of growth was similarly observed in atabrine-fed rats on diets 
'B,.C and D although growth was significantly greater on these rations than on 
diet Ae Atabrine-fed rats gained most weight on the liver-containing diet D 
with growth somewhat less on dicots containing yeast (diet C) or the additional 
B vitamins (diet Be) Three rats on the latter ration plateaued in weight after 
the first few weeks of feeding; the remainder of the group, however, and all 
atabrine=fed rats on diets C and D gained weight consistently during the expere 
imental periods. With the exception of the 3 rats on diet B that plateaued in 
weight, alopecia was not observed in any of the atabrinewfed rats except those 
on dict Ae 


Qvaries appeared infantile both in weight and microscopic appearance in all 
atabrine=-fed rats on diet A. They were somewhat larger in atabrinerfed rats on 
diets B and C but were still significantly smaller than those observed in ata» 
brine-free controls, Qn diet D no significant difference in ovarian weight was 
observed between animals fed atabrine and those on similar rations with atabrine 
omitted; and histologically the ovaries of atabrine-fed rats in this group appeare 
ed normal in all respects. On rations free of atabrine ovarian weights did not 
differ significantly on any of the diets employed; and histologically ovaries ap» 
peared normal in all groups (table II.) 


Enlargement of the submaxillary glands was direotly correlated with alopecia 
and failure to gain weight. Enlarged submaxillaries were only observed in ata- — 
brine=fed rats that lost fur and plateaued in weight (8 rats on diet As 3 on diet 
B)» with glands apparently normal both in size and histological appearance in re- 
maining animals of the atabrine seriese In no instance were submaxillary glands 
enlarged on atabrine-free rations (table II). 


Table II 
(see end of paper) 


Per cent and total granulocytes per cc. of blood were markedly inereased in 
atabrine-fed rats on diet As During the sixth week of fecding total and differ- 
ential white cell counts, hemoglobin determinations and total red cell counts. 
were made on the tail blood of all surviving ratse Differential counts were made 
on smears stained with Wright's stain, 100 cells on each of 2 slides being ome 
ployed for each analysis» All blood counts were made in duplicate, 


No significant difference in total erythrocytes or hemoglobin levels was 
observed on the various diets tested between animals fed atabrine and those on 
atabrineefree rationss Erythrocytes averaged 7.3 to 8el million per ccs of blood 
for the various groups (range 604 = 93 million per ccs), with hemoglobin averag- 
ing 1594 to 16,1 mg,/100 coe (range 1466 - 1742 mge/100 coe)» Total leucocytes 
per cc. of blood did not differ significantly on the various rations tested; a 
significant increase in per cent and total granulocytes per cece of blood was ob= 
served, however, in atabrine-fed rats on diet A». Such was not the case with 
atabrine=fed rats on other diets tested nor for animals on atabrine-free rations 
(table III)-¢ 


Table III 
(see end of paper) 
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In agreement with earlier findings (Hegsted, McKibbi:. and gtare,'44) no 
‘consistent abnormalities were observed histologically in the liver and myocardium 
of atabrine-fed rats on the various diets employed, nor did these tissues differ 
significantly from those of animals fed similar rations with atabrine omitted!, 
These findings are in contrast to those of Wright and Lillie ('43) and Siegel and 
‘Mushett ('44) who observed necrosis and replacement fibrosis in the liver and 
myocardium of atabrine-fed rats. These differences may be due, at least in part, 
to the amount of atabrine fed, the composition of the diets employed or a strain 
difference in response to atabrine feeding. 


Myocardial damage in atabrine-fed rats was indicated, however, by means of 
electrocardiographic tracings. Electrocardiograms were taken with a Cambridge= 
Hindle 2 galvanometer electrocardiograph (research type unit) of all surviving 
rats during the cighth week of feedinge. Resistance was standardized for each 
animal, and the standard three leads were taken on unanesthetized rats at a paper 
spoed of 100 om. per second®. A marked elevation of the sT segment (indicative 
of myocardial damage) was observed in the electrocardiographic tracings of 5 of 
the 7 atabrine-fed rats on diet A and 5 of the 9 atabrine-fed rats on diet BeS 

Elevated ST segments did not occur in tracings obtained from rats fed dicts Co or 
Do or from animals fed atabrine-free rations. Further abnormalities in the ata- 
brine series consisted of 2 prolonged PR interval (indicative of delayed AV con- 
duction) in animals fed diet Doe Six of the 10 rats on the latter ration had 
& PR interval of 0-05 seconds or longer in contrast to an approximate value of 
0.04 seconds in virtually 411 rats fed other rations tested. With the exception 
of the above, electrocardiograms of atabrine-fed rats did not differ signifi- 
cantly from controls either in comploxes or in ventricular rate*. No abnormal- 
ities were observed in the electrocardiograms of atabrine-fed rats on dict C. 


In subsequent work experiments were conducted in an attempt to concentrate 
the factor or factors in liver responsible for its protective effects Immature 
female rats of the Long-Evans strain were weaned at 2] to 23 days of age and fed 
ad libitum the following 3 dicts: (1) diet A (2) dict A plus Liver Concentrate 
Powder 1-20 (Wilson) added at a level of 4% of the ration and (3) dict A plus 
Extracted Liver Residue (Wilson) added at a level of 10%- The liver fractions 
were added in place of an equ’l amount of sucrose, All diets were supplement- 
ed with 500 mge of atabrine po: kge of diet. Fecding was continued for 8 weeks 
(10 animals per groupe) 


Findings indicate the protective factor or factors is either water-insoluble 


2 We wish to express our sincere appreciation to Dr. pe Ce Ruddock, for the 
examination and description of the electrocardiographic tracingse Dre Rud- 
dock is Clinical professor of Medicine, University of Southern California 
Medical School, Chiof.of Medical Service and Head of the Department of Car- 
diology, St. Vincent's Hospital, Los Angeles, Californiae 

3 ST segments were elevated on all 3 leads on diet By and on leads II and III on 
diet Age Slight elevations of the ST segment were occasionally noted in leads 
II and III on 411 control rations and on diets Co and Dge In no case, however, 
were they so pronounced as those on diets Ap or Boe 

4 Hoart rates averaged 504 to 537 per minute for all groups with an individual 
range of 465 to 570 per minute. The QRS interval averaged 0.02 seconds for 
all groupse 

5 We are indebted to Dr. David Klein of the Wilson Laboratories, Chicago, Ille, 
for the Liver Concentrate Powder 1-20 and the Extracted Liver Residue employed 
in the present cxperiment. 
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»r is chemically bound so that .t may not be readily removed by simple water 
ixtraction. No significant difference in growth or gross appearance was ob- 
jerved between atabrine-fed rats on diet A and those receiving Liver Concentrate 

er 1-20 (containing the water-extractable material of raw liver.) On the 
yther hand, Extracted Liver Residue (consisting of the coagulated, water-insol- 
ible material remaining after the removal of the extractable water-soluble 
jubstances) was virtually as effective as whole liver powder in counteracting 
tabrine toxicity in the rat. Animals fed the above rations gained the follow- 
ng amounts of weight during the 8 week feeding period; diet A, 41.6 + 10.4 
ms; diet A plus Liver Concentrate Powder, 52.849+7 gms; diet A plus ex- 
facted Liver Residue, 9267+, 963 gms. 


Didcussion 
eel 
a Available data indicate that factors are present in liver and yeast that 
will counteract, at least in part, the effects of drug toxicity in the rate As 
‘early as 1922 Funk ('22) expressed the view that the composition of the diet and 
‘perhaps its vitamin content may have a profound influence on the toxicity of 
‘drugse This suggestion has been amply confirmed, not only in regard to the 
‘mown nutrients (Ershoff, '47a) but to additional factors present in liver or 
“yeaste The beneficial effects of the latter in animals inhaling carbon tetra- 
chloride or fed toxic doses of strychnine, promin, dinitrophenol, sulfanilamide 
and other drugs has been recognized for years (De Santib-nez, '47; Battelli,'40; 
Higgins, '44; Chamelin and Funk, '43)- Similar results have been observed follow- 
ing toxic doses of diethyl-stilbestrol (Funk and Funk,'39; Chamelin and Funk,'43), 
estrogen (Engel and Rosenberg,'45; Ershoff,'47b,c)e The present experiment in- 
dicates that atabrine toxicity may also be counteracted, at least in part, by 
the administration of whole liver or yeaste 


Findings indicate that the effects of atabrine administration in the immature 
female rat are dependent on the dict employcde With rats fed a synthetic ration 
(dict A), administration of atabrine at a level of 500 mg per kg of diet resulted 
in marked retardation of growth, alopscia, inhibition of ovarian development, 
enlarged submaxillary glands, granulocytosis and myocardial damage as indicated 
by electrocardiographic tracingse The above effects were largely counteracted 
4 the administration of desiccated whole liver at a level of 10% of the dict in 
place of an equal amount of sucroses On this latter ration (diet Dg) growth was 
significantly greater than on diet Ao; alopecia did not occur; ovaries and sube 
maxillary glands appoared normal both in weight and microscopic appearance; 
granulocyte counts were normal; and clectrocardiograms were free of the abnor- 

lities observed on diet Ap although some prolongation of the PR interval was 

observede Similar results wore obtained with dict Co (in which yeast was fed 

en place of tho whole liver) although growth was less than on diet Dy and ovaries 

esembled in weight and microscopic appearance those of an immature rate Eleo 
¢rocardiograms in this series, however, remeined free of the abnormalities ob=- 
gerved on other atabrine-containing rations and were indistinguishable from those 
of normal controls. Findings on diet Bg were intermediate between those on dict 
Ay and rations containing whole liver and yeaste Three of the 10 rats on this 
diet failed to grow; they developed alopecia and at autopsy revealed markedly 
enlarged submaxillary glandse The romainder of the scrios, however, were indis-.. 
tinguishable grossly or in microscopic appearance from animals fed yeast (dict 
Co)s Hlectrocardiographic tracings revealed a marked eicvation of the ST sag- 
ment similar to that observed on diet A, in 5 out of the 9 rats on this ration. 
On atabrine-free diets no abnormalities were observed on any of the rations em= 
ployed. 
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| Since the toxic effects of atabrine were less pronounced on diet By than on 
‘diet A, and since these two dicts differed only in their content of known B 
vitamins, it is apparent that the beneficial effects of diet By were due to its 
increased content of B vitamiise The latter ration contained twice the thiamine, 
riboflavin, pyridoxine, pantothenate and niacin content of diet A as well as 
significant amounts of biotin, folic acid, inositol and peaminobenzoic acide It 
would appear that one or more of the latter factors were responsible for the ob=. 
served effects. The toxic effects of atabrine were still, however, more pro- 
—s on diet By than on yeast or whole liver-containing rations (dict Co or 
Do)» Those findings would indicate that in addition to the known B vitamins 
there were additional factors in the whole liver and yeast that counteracted, . 
at least in part, the effects of atabrine toxicity in the rate Preliminary re- 
sults indicate the protective factor(s) is prosent in the water-insoluble fraction 
of liver remaining after the removal of the extractabls water-soluble material. 
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Table 1 


Composition of fxperimental Diets 


Dietary component pict Diet Diet Diet 
| Ay ane Ag By and By C, and Cy | Dy and Dp 
EEL EEE COO TAT OTT RT LL TO Ie Ss 
yeast! 0.0 0.0 10:0 0.0 
Whole Liver Powder? 0.0 0.0 0.0 10,0 
“Vitamin Test Casein® 2240 22.0 22.0 2240 
“galt Mixture4 405 4.5 405 4,5 


Sucrose ; 73.5 73.5 6365 63.5 


Atabrine (quinacrine hydrochloride) was incorporated in dicts AgsBos Co 
and Do at & level of 500 mge per kge of dict, replacing an.equal amount of sucrose, 


To cach kge of diet A, C and D were added the following synthetic vitamins; 
thiamine hydrochloride 72 mg., riboflavin 9 mgs, pyridoxine hydrochloride 15 
a calcium pantothenate 67.2 mge, nicotinic acid 60 mgs, 2methylenaphny 
thoquinone 5 mge, and choline chloride 162 gme 


To each kge of diet B were added thiamine hydrochloride 144 mgs, riboflavin 
18 mgs, pyridoxine hydrochloride 30 mgs, calcium pantothenate 13494 mg», 
nicotinic acid 120 mgs, inositol 1+s2 gms, peaminobenzoic acid 600 mgs, folic 
acid 10 mge, biotin 1 mge, 2=methylenaphthoquinone 10 mg, and choline chloride 


-— rat also received three times weckly the following supplement; cotton» 
seed oil (Wesson) 500 mgs, alphastocophcrol 1 mgs, and a vitamin A-D concenr 
trate® containing 50 U.SePe units of vitamin A and 5 UsSeP, units of vitamin De 


Footnotes to Table le 

1 Brewer's Type Yeast Nog 200, Anheuser-Busch, Inc», St,» Louis, Moe 
Whole Dried Liver Powder, Armour and Cos, Chitago, Ill, 
Vitamin Test Casein, General Biochemicals, Ince, Chagrin Fa}ls, Ohio 
Salt Mixture Noe 1 (Sure, '41). | 
Quinacrine HCl Powder (Atabrine), Winthrop Chemical Co,, New York, NeoYs 


Nopco Fish 01} Concentrate, assaying 800,000 UeS+P» units of vitamin A and 
80,000 U,SsP. units of vitamin D per gram. 


aon © & t% 
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Table II 
Effects of atabrine on growth and ovarian ang 


submaxillary weight in the immature female rat 


dlotaty NumbeF Initial Gain in body Average Average “Ratio of subé 
group of body wte over 8 wké ovarian submaxil- maxillary wté 
| animals weight period wt 2 lary wtat to body whe 

. 10" 


Atabrine Series 


i! : Pe: Gs. = b.. 
LA WO GUT” BSH 41202 - Lact 5.4. 486.4 + 41.6 6043 
it B 8 ae or +1008 26.0+3.5  418.6+ 39.4 3024 
“q a6 ate eri + 5.1 30e4+2.7  30308-+ 10.8 2015 
i > 10 44-4)08 eo + 5.2 45.54 2.9  31708-+ 1904 1.92 
- (10) 
Atabrine-free Controls 
6  4Le7 = 14644 +9.0 4700+ 204 87408 + 1804 1.98 
8 6 42.0 ‘est 768 4901 + 5.0 334.6 16,8 1.72 
¢ 6 41.5 eee 69 «4342 $52 - 31703 + 3208 1469 
D im 4107 17 963 44,8+2.1 313.5 +148 1649 
i : 6 


The values in parentheses indicate the number of animals which survived and 
on which averages are based. 


Footnotes to Table II. 


Including standard error of the mean calculated as follows: 


j 2 
\Va where "d" is the deviation from the mean and “n" is the 


number of observations. 
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Table III 


Effects of atabrine on the granulocyte count of the rat. 


Dietary Number Total leucocyte count Granulocytes 
| group of 
animals Average Range per cent} Total? 
per CC» 


Atabrine Series 


A 9 17,090 1,540. 10,200 = 24,800 43.9+4.3 7503 + 735 
ae 15,900 1,320 8,600 =~ 24,100 23.0+ 1.7 3657 + 270 
C 10 13,280 1,650 . 9,200 = 20,400 24.3+2-5 3227 t+ 332 
D 10 12,270 1,280 7,900 = 18,400 21.5-+2.3 2638 + 262 


Atabrine-free controls 


“s 6 13,150 860 8,800 = 15,800 18.6+2.6 2446+ 342 
8B 6 12,870 1,040 7,800 + 18,100 17.4-+2.8 2239 + 360 
C 6 14,180 810 8,200 = 16,600 19.1 +1.6 2708+ 227 


Footnotes to Table III. 


1 Including standard error of the mean calculated as follows: 


i¢ 
| fi where "d" is the deviation from the mean and "n" is the 
number of observations. : 
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